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(57) Abstract 

A simple small-scale demodulator for digital modulation of 
phase-modulated signals. The demodulator can be easily made into 
an IC, reduced in cost, and improved in operating speed and 
accuracy without using any high-speed high-resolution A/D 
converter. Phase information required for the modulation of digital 
data is logically detected by sampling logical values of 
wavefomi-shaped phase-modulated signals by means of clock 
signals having a period of which the ratio to that of the carrier of 
the phase-modulated signals is an integral ratio, serial-parallel 
converting the sampled logical values into a digital code string, and 
analyzing the logic panem of the digital code string. 
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1 ... wBvef era shaping circuit 

2 . . . phase Information detecting section 

3 ... clock generatlag circuit 

4 ... code analyring circuit 

5 ... data identifying circuit 

21 ... sampling circuit 

22 ... serial-parallel converetng circuit 
41 ... buffer 

DC . . . da&odulatad data 

fc ... PSK signal (IF signal) 
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m m m 

5 mm^m 

PDC y•:^y^ • xv^^>'V' • -^PHS (/^— y • /n^ 
10 S^i¥{^M-f 5^0T'feS„ 

fditlf. PDCJ^PHS7itir(73^«j{*:iift^lC*JVNTIi. i^ftdJ-Ci^^m^ 
15 ^{miJ-C(±§:m^tLfcMft-t;6^^>ri^:J'yVx-iJ'«raflL. r (D7^s;?^?y^7='- 
r Bg:iiU^ hu::^^?';^ 1994¥9^12B-^(no. 617) J 71~9 

20 m^njt^^it^-moitL^^m (psk^i^) i>^^<m^^nx\^^^. iti:K.it. 

QPSK^mXli. "00", "01", "10", "1 1" <D4 tioV)(D2m 

^mf'-'$'izM}t^-r^4tisy)(D^m^^yh (o, n/2, 71, 37C/2, ) 

25 J'ji^DtLS, 
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2 

{cj;0BiS'J-r5::^&^;65fe5 6 - 2 4 8 8 8 » 

M'^f}^^i^^mm<DA/'Dm^^\tmmtm'^\z.mmxi)V) ^ #t?«>-ci^=i;^ s 
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msEfl. A;'3m-^i::*f1-5f-:/7'y ^^i/jK>r v hofifi^Sr^-r^'Y Af■-v- 
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mi 511ft, mi<DKm-c^n^fii-^'^z^v i^i^'7'-^(Dn^m^7jk-rmm-:^ 
mi emit. m2(Dm.m-x^^n^tii>if->'z^v'^^7'-^<on)imi:yj^'rmm-x^ 

10 fc5o 

^^1 oii^{::^^L-r^i-|ii^-cfo5„ 

m2 2mn. ^^m(D^mtmm^iifcmmimmm^<Dmi<^mmm(owu 

So 
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fcoT, mmmm^^. 2it^n\nmmm^. sn^^n^^^^^^^ 4n 
vy:!fi-^^t\^xK)mm^M^±f&-r^^:^-^v'^i^n2 1 1. ±mm^m 
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xmSlT^-^ D c ^^fig-f-'So 
::<^^2<7)^M«?-yT?lt, ^liat:i^Ly-cfi1=Blt«^aiF15 2(D±^|Fi5?rv^:7 

5, 

I^Elii^-t-J; 51-^ {ilf:ffiif^^m?fP2(7)±||i*|5f±iX7 h 2 3ffitt?fi| 

fi)cc?ix5o h l^v?:^^ 2 3ll8o<Z)ii:?IJi^7 (F1~F8) 

(Fi~F8) f)^h\%. sm(r>-^>r^) >ifi)^%Tir^^t\:L^ m.nn^-m\z^ 

t^^ttfcfiffiiff^D a (di~d8) ?rSit)m-r:: i:ds-C# 5o 

20 hXfc2>o 

n >;/^{t#<> s {i. Aj'jft-^ (a~h) (D^mwimmT \z.n \^ 

fJ^mm (9T/8) {:I^^$^^TV^5o ^LT, ^(D^ u y^^^-<t> s(r>iLjL^ 
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^i:ixn<i)K ^(DWmiiXt}m^(D8m^Litt:i^-^imm^ (i6;r/8 
= 2 7r) {::?iCoT5cl::M5o o^O, ^ n ^J^ft^^ s {i^^3?!I±-C<7)/<— =T 

mm (9T/8) (^^ P :y^fs-^0 s T-boT. ^:tL^5^i^V^^j«^^(7)^5^ 
m^o:>&.nmm (a~h) r:tt::^tt^tbi|*^<^t'5/ K^n'^-^- (" 1" t" 
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h wi;?;j^j?SRi~SR4l;:{i*ii<0A;tim# (PSKfi-^) 

•f oft- 1 6 t' y h OM^Jff -^^j (dll~dl4, d21~d24, d31~d 
34, d41~d44) t^^y)m^fl^i.0\Z.ti^X\i^h. 
i^V'T'y >'^'^ n y 1 ~0 4fi2VMc:|l-Jl»! (5T/4) T-7E/4 

20 s R 1 1;:. ^2ti^Dy^ 0 2iiM2i;'7. M^t;^;^iJ'SR2ic, ^3ta 

^nyi7 4> 3(iM3-^7 M/i;?^^SR3{J:, ^ 4 fS^ n 5/ ^ 0 4 {i^ 4 •>:7 h 

fcoT. p sK^t■i■-cfo5A;^m■§•^l^lsa^^^tz:^&l:Ta~p<Dv^-rtl55^(7>^a:^i 

4o<^i^7 M/v^;^^SRi~SR4{::5)-ii$^ti/iA;^fs-^{i, M^v? 



wo 97/01908 



PCT/JP96/01573 



10 

SR l~SR4lC-C-?:tL€tlf^i5^n 5/i>'m#0 1 - 0 4 <?5fi:± 0 Tf-:/7'y 

. mmi:i^-tx ^\z^ Atim^i^^(D5mm (st) r:<ir{;i4o(?5^n5.^m-§- 

0 i~0 4(c-c4iHi-roti-i emD-i^yv :^^$n5o 

4 0»Jffi:t»7=-i5' (dll~dl4, d21~d24, d31~d34, d4 

i~d4 4) (i, xt)m^(Dimmm (a-p) r,i:{^^ii^tL4#;t<7)fc^5. 
mil Eifi. mi omid^Lysit's/ h/^^-:/ (1100, 0110, 001 

1. 10 0 1) SrA. B, C, D©4o/-?^-:xfe-f- (a= 110 0. B = 0 1 

1 0, c = oo 1 1. D=i 00 1) tc:gt^;tT^-ro Z(DXo{z^ A;^m^ 

(r>iiLmmm (a~p) t-f2;^i:Tmti5 hy-j^-^-o^^at^fig^/^i^i-^- i 

So 

( 5 T) r i: 1 6 y ^/tK^ h J: SfilHf ^^ffi^fr/j^ 5 ^ .i: 

-cts. 

mi 2liI{±*l§§g<^m4O||iife0lJ(OM^5:*i-o 

r<Dm4(D^ife0iJ-C{±. *-f. Xttm^ (PSKm#) A^fir^BSe-rs^^- 
1 1 &IBS^$ti,5H&O^S$5A;^m-§-A^l/25>Si-5mi(7)^ 
^lH]2Sl 2 i..fiffiSi5$tLfcSSA:^fi-i— A^l/2:9-^-t-5m2<?55>^IsI 
Ki 3^s^^te>nTv^s„ 

(SR11-SR14) t. m2(7>:9-^I5Ij^l 3HTl/2:^Jl^n^A;^fS^ 
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iyy (SR2 1~SR2 4) d^tSllt^ttTVNSo 

m, ^2(Di^y hl^i^^^m (SR11~SR14), (SR21~SR2 
4) it^tl^tl2^ (Fl. F2) 0^>7 hVC<?X2J':Sr4*-fo^;t-t-S„ 
(Di^yhUi^y^^ (SR11~SR14, SR2 1~SR2 4) ^ 
^ y ^ Z fi^h(r> Ai^^ n y ^ 0 1~0 4 tictoTih:/7'y i^^io^nu 

mi 311114. ^1 2\Z7ik\^tzmmz.ii\^X. Xtim^- (a l~h 1) , (a 2 

Pllil^c*5^^r. Bi (ai~hi) {4#^K«5A;tim#Ac^i/2^jifi-^. b 
2 (8 2-112) f4HifeA;b(t#-A<Di/2:9'^fi-§-Cfc5o l^iai;i:^-r i 9 
t-s Ajtjfi-^A. -AS:l/'2:9-jlLT#P>tL5fi-tB 1, B2{i, H (^U^ 

^S.^A^m^A<Dl/2i^min^B 1 (al~hl) fi^KD^y^ M^i;fx 
^{'^J (SRI 1~SR14) {::T. S^A;tlff-§— A(Dl/2^^m#B2 (a 
2~h2) (4m2(^iX7 (SR2 1~SR2 4) {CT. •?rtim4 

^v^7 h R11~SR14. SR21~SR2 A(0'^-7 

Vmmt^fl'^fl2WL (Fl, F2) -foi/jio-CV^-C, h 

^'yy W'yT.^ \ 1~SR14, SR2 1 ~ S R 2 4 ffii" 
r t<Z)T'#5 h^iJ^-^^fi. i/2:$>^ft#B 1. B 2(^^J^^{::sti-Sih 
'•yzf^))y^^^-'91t\-^hfii^. rtLfi, l/2i9-^(t-i-B 1, B2 0ij^|^»| (T 
/2) l/2^^^?tL5mI<^A;'jfi-^A, -ACOl^^ (T/2) dtB^-t" 
5f::i6-Cfe5„ 0 . =t<r>\ / 2^n\t^'S, \\ B20i#^j^^ (T/2) 5>© 

^'i/T^-j^fi, 1/ 25^11 $n5BtroA;^ft^A. -aoij^^ (t/ 

r^-C, hUv?;^iJ'SRl 1~SR14, SR2 l~SR2 405v'7 h 
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P y^fl-^* 1~0 40^^ (5T/4) (Dlta^A : 5(Dm^it-Ch<^fcm^. 

i/2j^mm^Bi, B2<D5^m (st) :::t\^8m(Di-y:fvy^n'^^yh 

:i<Dm^. ±1z5mm (st) (0Mi|^<^2. smm (2. st) -cti. 1/2 

it. ±iE5^»l (5T) (Dm^(D2. 5mm (2. 5T) Tf±. ±i21/23>^ 
m-i-B 1, B 2omi|^:Jl^(;i^LT(^-y-i^:/y ^-^J^x-i? ;6J5i#$ti.5<. 

o^»9, ^1 4|Il{;i;T^-rj; l/2:9-^fs-^B 1, B 2 0«-^««|i^iL^ 

timi, m2(DmmTi, T2ii2^tij^tLTf->'7'y ^^^-^tiSo ^lt. m 

d»Si#$n> m2 0E^lT 2-Clil/2:$>^m-§-B 1, B 2(D^i|^^;i^-C<^f-:^ 

Hi SHIfi, ±|SHl (^ErslT 1 ClT^C/^ hUv^X:?SRl 1~SR1 4, 
SR2 1~SR2 4;!>^f,Si#^n5i^i^7'y ^i/T'-i5^<^^S<^^:Sr^i-, 

Hi emti. ±iEH2(DErBlT 2fZT=g->7 hU'v?;^i5'SR 1 1~SR 1 4, 
SR2 1~SR2 4;6^^^#$i^5•y->':/y >'j/x~^(D^a*tfigSr^1-c 

Hi 7l2|{i. Hl<^IE:^Tl*3J;t;H2<75E^B1T2(cT^i^^tHw^#^i^5 
:/i/x-i?<Sr:X7 M^-i;';^iJ^ri:{ci Oitic (3 = 1 1, 2=1 o, i 
= 0 1, 0 = 0 0) {^mmLXTT-to 

mi 7m\c^-t^o\z. Hi j^epb^t 1 l^•c^#^t^.^.1^^:^y 
WBm^<i^~>\z^*) ^ iy26^mm^Bi, B2(Dm^mmx(D{iLitsvtm^^m 

<D^my<^-i^\zxy) . iy2^mm^Bi, b 2<^^i|^ji«8-coiitB4jtffiS:it# 
^s^N'ij'-^-arji. m^\zm^mmizh^o ^^it. mmLtz^oiz^ 1x2^ 

min^B 1 (al~hl) , B2 (a2~h2) (O^^^mM (T/2) T't^iS^alf 

m^n. 1/^ 2^m^ti^m(DAtiiB^-A, -ACDimrnxo^^^m^^^ti 
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(SR11~SR18), (SR21~SR28) iOol-f ^^^^■^]) 

i^i/^-r H(i 3 2 :ifnzjt^cxiSLmiinn^m<7>^m^mi,m 

(VCO) 3 1, 1/N (N{±2J^il±roSi5[) ^mm^3 2^ 1 /U (M{i 
Ntm^^^S 2iiA±(0S^) :J^^|H]ii|3 3. fi[taJt|!E§g3 4. n-.Xx-^^yl. 

ro^^, l/^N^jilBlK3 2liPSKft-§-0«Si^&^St|^f c«:l/N5^^ 
1"5o |p3<ttc, l/M^iilUJSS 3{iVCO 3 KDH^J^SEl^f s ilrl/M^^ 
tetaiktJsIgS 4*5j;TJ«n— • • y ^ jx^^t 3 5 {i, l/Ni^-J^ft ( f c 
/N) ^rtiXMi^Mm^- (f s/M) <^(a:ta;5J-g:-r5J;9{c:vc0 3 l©|g 
^^iSl^f s ^7^- hV«.yi?$im-r5„ mdiO. ^OVC03 10|gSffi 
;^ ( f s) f s =Mf c/NO^fit|g:M^J-fc5^ n 5/>ft-^0 s 9 ffl 

m2om\t^-ay!7^^mnt3(r>m2(Dmmm-^m-^o. 

-£7)i?n 5,^5l>iI5]jg3T'{i. VC03 ItDlg^j^jlgk • f s (k(±2UJ^±C7) 



o*rnionfiai 1 ^ 
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^m^iXtz^X2 y^^^ (f s) %:km'>y hl^v^J^i? 3 7{ZX±mm:^^r2y 

^^(1^0 8 (=k-fs) \::mmLxm9ii^yy hmm^-^^o k© 

i^y hl-i^:^^ 3 7(D^iyy (Fl-Fk) 7!)^t^mMUtn(Dmti:6^W^ 
n y^iE^0 1~0 k^M?iJ(r^l9tiJ-r:i 

^<-yi-yV" "f'^^j^ ' ±^uyi^:^y'j^ (PDc) omm^mm^m x.fz^W}W 
mmmmxhox. 1 1 oii4«j^i^^ft^=y h> 1 1 i{immr>^7'i-^ i e 

mmm^m^^y m i o^. ^mmi 1 2. m^mi^:^^ y^i 13^ mm 

M 3 0. m^mmi 3 1. PLL(iJ;5i^^l^-g"^|llS^l 4 1. m^Pl^M 
piSl 4 2. Smm#^S^ffilHlK (RS S I) 1 4 3ti:ir[LX^Xm^^tlX 

MllSm^-y h 1 2 Oil, PHS i: PDC<D2o(^j^i!g|gc^ f o, f 1 IZlM 

■t^-l 2 3. m^ik^m::^^ ^f^^titz'^mmmn^-^mmt^ i f/^^-k/-? 

;^7^yWi5' 1 2 4. 1'F«1J^ilSiii|i$|5fc^J:U5^2jigtic^ifeto^.f:UfAGC$iJ/j:<if 

^S^i^ft^— 5/ M 3 Oti. IF^132. I F^O' 1 3 3 . 

JlilSic^t^l (Tyy=^:^^<—^-) ^£r^f 9 5 =^f— 1 3 4. rf^^:/ hv>-x:7 5. 

^/i'^ 1 3 5. PHsiPDCiD2o(^^fiEic^f o. ,f 2 is iixj^ 2mm(Dmm 

^m=^~y h 1 2 0{^*5lt5^j!lil^^^t^fcJ6<Dn-*yUft-i- f x o / f x 
1 il^ft^::^^ h 1 3 0\Zisn^^&m.^i^(Dtlif)<DU-:tijUm^- f X o/f 
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X 2SrPLL^fi)ci-So 

r mm§:m::^^y s i 2 o tm^mm^=-y m 3 on^ phs i pd 
ffl^ti^o iis^j^;^>r 5/5^1 1 3fi, PHs^- Ki^i::*jvNT^ m~mi^^x 

^-x^/iS^lfPl 6 OJi, PHS^- KTOiimft^t^^^ • «-^*5iSSrff 9 AD 
PCM (Adaptive Diffrential Pulse Code 
Modulation) ='—'fy!^U 1 5 2 <b. PDC^— KTOii^fB#<0?^ 
•^■^^S^fTPVSELP (Ve c t o r Sum Excited Lin 
ear Prediction) =3—7^5,^^1 5 3 2^(D=i~y^y^ 1 5 
2 i 1 5 3 ^PHS/PDC<D^- h'iZJt^CXm^^^^=i—y'y^Wi$^Ul 5 

i^s^ip:^-- y h 1 7 oiat. ^mm^^mmmm^i 4 3rotti;^;{c:s^vNT 

PHS/PDC^- K<D^^^^^J^^^^T9^- K^|^l$iJiiSl3J 1 7 1 35s y 7 h 
M 1 0Oj^Smj^igc||Jc^j3j:UJi^mm;^W'</K =-7^5'i5^152, 15 

^mmit\zmLXi^^tth\z. t(Dmnmmii^h^<x^ts^t\:i^^ . 
mnmitr^^M,xh^zt\z^^^ mm^mmm^ii^<xi,mm-^mxh^. l 



jsnnnin- ^wn 
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itSSftm^f c ^2te/-?yu;;^ft-^{iS?F^i-5jSJl^gjf^|5j^l{i, ro5^i£^J-e 

^mmmm^i 0 2mit^ti-ftm^^>hmm\^n^^mi-?>mmmntkmu 
mm t (D^mmz x o xmm u^^i^im^^^tc •? , mm^m^ x <>xmm 

S§1 oostit^iAGC h . y . n:/ i^n— /V) (Ul^^SrlStt 5 J: 5 Ic-fs 

^^x^htiitiiLnm^mizm<i\f^x i ix^^/i^^F^t^HB^-rs^^nsrw-r-si^ 
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mtMSgl 0{^*;tt5 L#^^MS^■^x.5#RS,mJEREF 2{4, ^2 4|21lC^$ixT 
(REFl) ^L#V^^itt LTii*iL. Mi|ii-^<^/NVl-::^(t-^D 1 tZl^^-f 5„ 

4*^6<D^^^B||^t^Db^l£-^V^Tv^^^7^?/^>7^5/^C iSr^ftft-i-f cOT-r 
/■^iS'-^OT-r (S) O^^Ut^%L^\Z.fi:i^i^.4^^Y\L-h^^X^-!b^t\Z.^^, 

«-i-D d Sft L^m#0^i|il;65 L # V^^it R E F 2 J: 0 /J> ^ VN^fi L o w l-^ 
/i-t^tL, §:mLfcm■^(7)gili:6^LtV^^RE F 2 J; »9±tVM^{±H i g h. L 

FF 2 <i:-Cfl|^^;h.'5^-?/i'^Mtb|s]SSl 3*Jj;tJ?i^D >;/^|g^I5]^i 2;0^^fife5„ 
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±y yZ^ytiy^fYYW't, ^ftft^ f c 1 -^'TlfyU^f^T s ©i^* 

^UT. gftfg-^ f c <D^<iI;55/h^ < ^^V^;^^t■§-D d;ii5L o w U^/WOJg-a-. tti 
;^(t-^D e (iL o w U^JV^%-o^ ;i(DL o w U-^/WOtilJ^D e {± 1 ^yyi^/V^ 
ra<^*^7f+ja{::|g^^n5^)i;9^^ n ^ C 3 iz: J;oT^©<?5-r;:^tJ'-:^ w--^ 
my]) y^yny-ypF 2\Cy y^^tl, ^(DUitiD f fiL o w l^-^/Ui $tL5o 
SfIft-§^ f c < /jjoTx /NVw;^{f -f-D d d^H i g h U^Mzt£!S 

-fey h/y-t'> h^^y yyyu yzfFF Ht±y h^tl. tattm^uei-i 
High \^^Mz.mitL. d<€<oV±y hm^;65A;^^tL5*TH i g h u^ju 

^^n, F F 2(Dm:hTy f fiH i g h U-^/K;!/^^ (^2 4|lI#Rg) , 

-7:^^-:^ i^-y . :7 y •;/7'7n y^F F 2(DttJ;^D f fii/'^'TjfyU^^T s 
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High i^-<M:i^£?>tzisf>. itBOct 9^JiANDy- r t {c J: o 

f)^hitn^mmitLtzM^^mLx^itLitWim-t^i-fH i g h u^/kc;^^^ 

1 t±tS.nm(D^^^ u y i7 El-l-^EZ-nirit^LX. ^ u 5/:5'E2-l~E 
2-n(^ 9 ^^(Dtiy V t'-y</l'^ El t mi~^ LTV^5 ^ o y ^il^ L-C-^^- 

/K/i^i^^D j.ij'c 1 1 \^xmt}-r^^tiy!^'^m^^8 a tt^hm^^^x^^^, 

{-CI, CI' t'LX7r^iri:o\z^ ^^mti\^x\^^^ny!^ci<D±yv)^^ 
ds&ti^ib^ds J; t) t^v^ 1 1 (i^ti-J: 0 ^iSiT •? iJ^^ $ :^^oiiv^^ n ^ c 
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E2-l~E2-n(^L o w U-</KD|^FB^{ifc575»H i g h ^^/\^(Dmf^\:ih67!}^^¥\ 
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